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{§) Seat belt retractor with pre-tensioner. 

@ An emergency locking passenger seat belt 
retractor is fitted with a pyrotechnic preterm 
sioner actuator (221) which acts via a cable 
wound On a drum (213), the drum being located 
on frangible supports (216a.216b) in a clutch 
housing and having internally formed cam sur- 
faces (216) which can act upon frangibly sup- 
ported intermediate rollers (215) to displace 
them generally radially inwards to drivingly en- 
gage a part of the webbing reel to tighten the 
belt Advantageously the drum and the locking 
rollers are supported on frangible pegs 
(214,216a,216b) moulded with shim or plate 
members (222a,222b), disposed on each side of 
the drum (213). 
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This invention relates to a seat belt retractor with 
a pre-tensioner. 

In modern passenger vehicle restraint systems it 
is usual to provide seat belt webbing retractors which 
allow for payout and rewind of webbing for the purpos- 5 
es of providing a comfortable harness around an oc- 
cupant In addition to a light rewinding spring of a 
clock spring type such retractors are normally provid- 
ed with emergency locking features whereby more 
than a predetermined belt acceleration and/or more 10 
than a predetermined rate of change of vehicle speed 
or webbing pull out speed results in positive locking 
of the retractor early in a crash sequence. It has also 
been proposed to provide such retractors with a pyr- 
otechnic device which is detonated to almost Instan- is 
taneously rewind up to a predetermined length of belt 
webbing in the early stages of a crash. Such action 
is known as pre-tensioning and is intended to further 
reduce the possible forward motion of an occupant 
during a crash to reduce injury due to impact with 20 
parts of t he interior oft he vehicle such as the steering . 
wheel or facia panel. 

According to the present invention there is pro- 
vided a seat belt retractor comprising a frame, a belt 
reel rotatable in bearings first means normally oper- 25 
able in a sense to rotate the reel in a belt rewinding 
direction and locking means operable to inhibit with- 
drawal of the belt in the event of an emergency and 
a pre-tensioning actuator with coupling means oper- 
able in the event of a crash to further rotate the reel 30 
in a rewinding direction to pre-tension the belt, char- 
acterised in that said coupling means comprises a 
first member rotationally fixed to the reel a second 
normally stationary member which is rotatable by 
said actuator relative to the housing and at least one 35 
normally stationary intermediate member which is 
displaceable by rotation of the second member to pro- 
vide rotary inter-engagement between the first and 
second members. 

Preferably the first member is an axially extend- 40 
ing generally cylindrical part of the spool and the sec- 
ond member is a drum part within which the first part 
rotates, the or each said intermediate part comprising 
a roller located by the housing hut deflectable by a re- 
spective interior cam surface of the second member 45 
to. effect said rotary inter-engagement : 

In order that the invention may be more clearly 
understood and readily carried into effect the same 
will now be further described by way of an example 
with reference to the accompanying drawings of 50 
which:- 

Fig. 1 is an exploded fragmentai view of compo- 
nents of a seat belt retractor assembly. 
Fig. 2 is a sectional fragmentai view of the as- 
sembly. 55 
Rg. 3 is a part s cti nal diagrammatic view of an 
actuator used in the ass mbly of Fig. 2. 
Rg. 4 is a partly cut-away diagrammatic view of 



the retractor and a piston incorporating a pyro- 
technic device. 

Fig. 5 and Rg. 6 are part-sectional diagrammatic 
views of a modification of the actuator of Fig. 3 
and 

Fig. 7 and Fig. 8 are part sectional or diagram- 
matic views of a further modification of the ac- 
tuator assembly of Figs. 5 and 6. 
The retractor in general comprises a generally U- 
shaped steel frame (not shown) the sides of which 
carry bearings supporting a webbing reel. On the ex- 
terior of one side of the frame there is provided a 
mechanism which senses the occurrence of exces- 
sive webbing pull-off acceleration or of excessive ve- 
hicle deceleration to initiate locking of the reel. Such 
a retractor is described for example in the Specifica- 
tion of European Patent No. 0170432.The other side 
of the frame is equipped with an encaged light spring 
such as a clock spring for automatically retracting and 
storing the webbing of the seat belt on the reel when 
it is released by the occupant 
As seen in the exploded view in Fig. 1, the encaged 
spring in the present example is a spring 1 of a clock 
spring type retained in an end-casing 2 which is 
mounted on one side of the retractor through the in- 
termediary of a further pre-tensioner housing 3 addi- 
tionally shown In diagrammatic sectional view in Fig. 
2. 

In Rg. 2, a reel 4 is seen to be carried in bearings 
such as 5 in the sides such as 6 of the U-shaped steel 
frame. The reel 4 has a smaller diameter cylindrical 
part 10 fixedly mounted on the shaft thereof extend- 
ing into the intermediate housing 3. The outer end 7 
of the reel shaft carries an arbor 8 which is connected 
to the inner end 9 of the spring 1 and the outer end 
9a of the spring is connected to the casing whereby 
the spring effects rewinding of the seat belt webbing 
in the direction of arrow 10a. 

The intermediate pre-tensioner housing 3 is of 
moulded plastic and is provided with two frangible 
pegs 12 integrally moulded on its interior. These pegs 
serve to locate in respective apertures 13 of a clutch ' 
drum 18 within which the cylindrical part 10 is freely 
rotatable. Located on 3 are a further three integrally 
moulded frangible pegs 14 volatably carrying respec- 
tive equally spaced locking rollers 15 of hard material 
such as steel which stand clear of and normally per- 
mit free rotation of the cylindrical part 10. In the as- 
sembled mechanism the rollers 15 are accommodat- 
ed within internal arcuate indentations 16 of the 
clutch drum, the outer surfaces 17 of these indenta- 
tions providing radially inwardly driving action in the 
event of rotation of drum 18 in the direction of arrow 
22. 

The periphery of the clutch drum 18 is provided 
with flanges 18b and an annular pulley surface 18a 
which receives several turns of the I wer end of a 
conn cting caW 1 9, th nd being anchored to the 
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drum 18. The connecting cabl has its outward end 
connected to a pist n 20 of a pyrotechnic force gen- 
erator 21 mounted on housing 3. On being detonated 
the generator 21 can act in a sense to withdraw cable 
from the housing 3 and rotate drum 18 in the direction s 
of arrow 22. 

Referring to Fig. 3 t the pyrotechnic force gener- 
ator 21 comprises a tube 31 with a sealed in lower end 
cap 32 designed with a lower spigot 33 received by 
the intermediate housing part 3 of the actuator The 10 
end cap 32 has an axial bore 34 which opens out into 
the interior of the tube 31 via a shaped recess 35. The 
recess 35 houses a snap f it annular seal moulding 36 
through which the connecting cable 19 passes. The 
seal 36 thereby provides a gas-tight passage for the is 
cable 19. In the normal inactivated position of the ac- 
tuator piston 30 the inward end thereof rests against 
the sea! in a manner which urges the inner end of the 
seal into close contact with the cable as represented 
by the pecked outline in Fig. 3. The piston 36 is freely 20 
sfideable in the bore 37 of the tube 31 and houses an 
electrically detonated pyrotechnic device (not shown) 
which when detonated by an electric circuit via a flex- 
ible cable 38 results in rapid expansion of gas via out- 
lets 39, into the chamber 40 between the piston and 25 
the cap 32. Access for electric connections 41 to the 
pyrotechnic device is provided through a vented end 
cap 42 as shown. 

Referring to Fig. 4, the force generator shown 
therein is also designed to attach to a retractor nous- 30 
ing part such as 3 of Fig. 1 . A cylindrical body 45 has 
a threaded lower end 46 designed to be received by 
an attachment collar 47 of the actuator housing which 
traps a resilient seal 48 through which the cable 19 
passes. The upper end of the cable 19 carries a crimp 35 
48 which retains it in a pressed steel piston shell 49 
having gas discharge apertures 50 at its lower end. 
The piston shell 49 is a sliding fit within the bore of the 
body 45 and carries within it a pyrotechnic capsule 51 
and an electrical igniter 52 contained in an upper end 4o 
cap 53 of the piston. Electric wires 54 extend from the 
end cap 53 outwardly through a vented top cover 55 
of the actuator cylindrical body 45. The wires 54 are 
of sufficient length to permit the piston shell 49 to nor- 
mally rest near the lower end of the cylindrical body 45 
45. When the igniter 52 is activated by an electric cur- 
rent via wires 54, the pyrotechnic rapidly releases gas 
which is communicated via apertures 50 to the region 
below the piston, thereby driving the piston 49 and 
the cable 19 upwards to pre-tension the retractor reel so 
as described in the following. 

In operation of the retractor, after being seated 
an occupant withdraws seat belt webbing (not shown) 
and secures the belt in an operative condition by in- 
serting a buckle tongue (not shown) into a buckle (not 55 
shown) in th usual manner. The belt is then retain d 
comfortably f r the occupant by the spring 1. In the 
event of pr determin d webbing accelerati n or ve- 



rt tal deceleration limits being exceeded the normal 
emergency retractor locking mechanism (not shown) 
comes into operation and the reel is locked against 
withdrawal of seat belt webbing. In the event of a yet 
higher vehicle deceleration limit (which is indicative 
of a crash) being exceeded, the pyrotechnic actuator 
is detonated via electrical connections from an elec- 
tro mechanical sensor (not shown) and the cable 19 
is tensioned such that pins 12 are sheared by the re- 
sultant rotation of clutch drum 18 in the direction of 
arrow 22. Following this shearing of pins 12 the inter- 
nal cam surfaces 17 of the clutch drum 18 drive the 
rollers 15 generally radially inwards. The pins 14 are 
thereby also sheared and enabling the rollers 15 to be 
trapped in locking position between the cam surfaces . 
1 7 and the outer surface of part 10 thereby rotation- 
ally driving the webbing reel in the direction of arrow 
22 namely in a sense to tighten the belt webbing 
about the occupant in advance of development of a 
serious crash condition. 

By virtue of the clutch components 14 and 1 5 be- 
ing located by normally fixed albeit frangible pins 12 
and 14, manual or automatic assembly can be simple. 
Moreover, no freely movable parts are added to a re- 
tractor mechanism which may become dislodged in 
normal use to interfere with the free running of the re- 
tractor. Only on an imminent crash condition occur- 
ring aire the pins 12 and 14 sheared to permit preten- 
sioning operation. Following such pre tension ing, sub- 
sequent high tension which may occur in the seat belt 
as a result of the crash is then contained by the re- 
tractor locking components (not shown) and not 
transferred back to the clutch drum 14 or cable 19. 

To improve the transmission of force from the 
force generator 21 to the reel 4 the friction coeffi- 
cients in the clutch may be increased. This can be 
achieved in a number of ways. An example would be 
to provide rough and/or knurled surfaces on the roll- 
ers 15 the cylindrical part 10 and/or the arcuate sur- 
faces 16. 

The drum 18 may be made of plastics material 
since the bursting forces applied thereto by the inter- 
action of the arcuate surfaces 16 with the rollers 15 
may be effectively resisted by the crushing force of 
the cable 19 wrapped around the drum 18. 

The modified construction which is illustrated in 
Figs. 5 and 6 again comprises a generally U-shaped 
steel frame (not shown) the sides such as 106 (Fig. 
2) of which carry bearings supporting a webbing reel. 
On the exterior of one side of the frame there is again 
provided a mechanism (not shown) which senses the 
occurrence of excessive webbing pull-off accelera- 
tion or of excessive vehicle deceleration. The other 
side of the frame is again equipped with an encaged 
spring 101 for automatically retracting and storing the 
w bbing. 

In Fig. 6, the r el 104 is seen to be carried as be- 
fore in b arings such as 105 and has a smaller dlanv 
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eter cylindrical part 110 extending into the intermedi- 
ate housing 103. The outer end 107 of the reel shaft 
carries the arbor 108 which is connected to the inner 
end 109 of the spring 101 and the outer end 109a of 
the spring is connected to the casing whereby the 
spring effects rewinding of the seat belt webbing the 
d irectioh of arrow 1 1 0a. 

The housing 103 is of cast metal and is now pro- 
vided with a moulded plastic shim or plate 122, 
clamped between housing 103 and the adjacent 
frame side 106, with two frangible pegs 112 on one 
surface which serve to locate in respective apertures 
113 of a clutch drum 116 within the housing 103 so 
that the cylindrical part 110 is freely rotatable within 
the drum 118. The shim 122 has a central cut out 124 
shaped to have three equally spaced peripherally ex- 
tending fingers 123, the respective roots 123a of 
which are of reduced section to permit radially inward 
bending to readily occur. The radially inwardly mov- 
able ends of fingers 123 carry 3 further frangible 
pegs 1 14 which rotatably carry respective locking roll- 
ers such as 115 which are also normally clear of and 
permit uninhibited rotation of the cylindrical part 110. 
In the assembled mechanism the three rollers 115 
are accommodated by respective internal arcuate in- 
dentations such as 116 of the clutch drum the outer 
surfaces 117 of these indentations providing, gener- 
ally radially inward driving action on the rollers in the 
event of rotation in the direction of arrow. 

The periphery of the clutch drum 1 1 8 is again pro- . 
vided with flanges 118b an annular pulley surface 
118a which receives several turns of the lower end of 
the connecting cable 119 the end thereof (not shown) 
being anchored to the drum. The connecting cable 
119 has its outward end connected to a piston 120 of 
a pyrotechnic force generator 121 as described in the 
foregoing. 

In operation of the retractor of Figs. 5 and 6, and 
in the event of the webbing acceleration or vehicle de- 
celeration limits being exceeded the normal emer- 
gency locking mechanism (not shown) comes into op- 
eration and the reel 104 is locked against withdrawal 
of seat belt webbing. In the event of a higher vehicle 
deceleration indicative of a crash being sensed the 
pyrotechnic actuator is detonated via electrical con- 
nections (not shown) and the cable 119 is tensioned 
such that pins 112 are sheared by the resultant rota- 
tion of clutch drum 118 in the direction of arrow 110a. 
Following shearing of pins 112 the internal cam sur- 
faces 117 of the clutch drum 118 drive the rollers 115 
generally radially inwards together with the ends of 
the fingers 123 on which they are carried by pins 114. 
The fingers 123 are able to flex at the reduced sec- 
tions 123a. On engaging the cylindrical part 110, the 
rollers are locked b tween 100 and th drum 11 8 and 
since rotation f 11 8 continues th pins 114 can shear 
and drive the webbing reel to pret nsion the webbing 
belt (not shown) ab ut t he occupant In advance of on- 



set of a serious crash condition. In other respects the 
construction and operation can be varied as descri- 
bed with reference to Figs. 1 and 2. 

By providing the frangible pins 112 and 114 on a 

s shim or plate such as 122, the material of the housing 
103 can be freely chosen without regard to frangibii- 
ity. Typically the housing 103 is made of case non-fer- 
rous material such as a zinc alloy or a resilient plastic 
with mineral filler and glass filled nylon and the shim 

10 122 is moulded of a resilient plastic such as a poly- 
oxymethylene (p.o.m.). In an alternative, the pins 112 
and 114 can be provided on a shim which is retained 
between member 102 and 103 the pins extending 
through apertures In the housing 103 to support the 

15 drum 11 8 and rollers 11 5 in their normal and non-en- 
gaging positions. 

By virtue of the provision of two moulded shim 
caps 222a and 222b within which the locking rollers 
215 and the clutch drum 218 are precisely I oca table 

20 by means of frangible pegs these and the pre tension- 
ing cable 219 can be assembled together before in- 
sertion into the clutch housing 203. 

In operation, normally the part 210 can rotate 
with the webbing reel 204 quite freely and unimpeded 

25 in either direction subject to the normal emergency 
locking (or automatic locking if fitted) of the retractor. 
However, in the event of crash conditions causing the 
pretensioner to operate tension is applied to the cable 
219 and drum 218 commences rotation within the 

30 shim caps 222a and 222b which remain stationery, 
being retained by pins 208. However pins 216a and 
216b are sheared by the pretensioner force and drum 
21 8 rotates in the direction of arrow 210a driving the 
rollers inwards after shearing the webs 223a and 

35 223b. On engagement between the internal rollers 
215 and the part 210 the frangible pens 214 are 
sheared and the part 210 and webbing reel are there- 
by driven by drum 8 to tension the seat belt webbing. 
The webbing is subsequently retained by the retrac- 

40 tor locking preventing pay-out from the pretensioned 
condition. 

In yet another variant upon the concepts of Figs. 
5 and 6, the clutch drum, rollers and cable assembly 
can be preassembted. This variant Is shown in Figs. 

45 7 and 8 wherein the housing components 202, 203, 
206, rewind spring 201 and pyrotechnic pretensioner 
cylinder 221 all correspond with equivalents in Figs. 
5 and 6. The essential difference resides in the pro- 
vision of a handed pair of moulded shim caps which 

so have central cutouts with peripherally extending fin- 
gers 223 similar to the fingers 123 of Fig. 7. However, 
the ends of these fingers carry frangible pegs 214 
which are only half the axial length of the drum 218 
and thereby can support the locking rollers such as 

55 215 at both sides. Furthermore, the ends of the fin- 
g rs 223 are joined to th adjacent body of th shim 
by thin frangible webs 223a which afford c mplete 
structural rigidity of support f r the roll rs und r all 
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predictable operating temperatures. Further internal- 
ly moulded frangible pegs such as 216a and 216b lo- 
cate in apertures 213 of the drum 218 to locate it with 
the shim caps. The peripheries of each of the shim 
caps 222a and 222b have mutually meeting flanges 
225a and 225b which surround the assembled turns 
of the pretensioner cable, except for the provision of 
exit windows 226a and 226b. The shim caps each 
have location pegs 213a which locate in holes 213 in 
the drum 218 as before and have short moulded ex- 
ternal locating pegs 208 which are of greater diameter 
and non frangiWy engage in locating holes in the 
housing to precisely position the clutch components 
in relation to the housing and the cylindrical part 210 
of the spool. The combined axial length of the drum 
218 and the two enclosing shim caps is such that 
when assembled into the casing as in Fig. 8, the tol- 
erances are such as to provide a rattle free assembly 
but to permit free rotation of the drum 218 by preten- 
sioner action. 20 



Claims 

1 . A seat belt retractor comprising a frame (6; 1 06; 25 
206) a belt reel (4; 104; 204) rotatabie within the 
frame, first means normally operable in a sense 

to rotate the reel in a belt-rewinding direction, 
locking means operable to inhibit withdrawal of 
t he belt in the event of an emergency and inchid- 30 
ing a pretension ing actuator (21; 121; 221) with - 
coupling means operable in the event of a crash 
to rotate the reel in a rewinding direction to ten- 
sion the belt, characterised in that said coupling 
means is provided in a housing (3; 103; 203) and 35 
comprises a first member (10; 110; 2 10) rotation- 
ally fixed to the reel a second normally stationary 
member (18; 118; 218) which is rotatabie relative 
to the housing by said actuator and at least one 
normally stationary intermediate member (15; 40 
115; 215) normally supported by the housing and 
separated from the first member but being dis- 
pl aceable by mot ion of the internal cam su rfaces 
(16; 116; 216) of the second member to provide 
inter-engagement between the first and second 45 
members. 

2. A seat belt retractor as claimed in claim 1 , char- 
acterised in that said second member (18; 118; 

21 8) is f rangibly supported within said housing. so 

3. A seat belt retractor as claimed In claim 1 or claim 
2 characterised in that said intermediate member 
or members (16; 116; 216) are each f rangibly 
supported within said housing. 55 



supported on locating means m ulded integrally 
with an internal surface of the housing part 
» 

5. A seat belt retractor as claimed in claim 2, 3 or 4, 
characterised in that said second member is f ran- 
gibly supported by means integrally moulded with 
an internal surface of the housing part 

6. A seat belt retractor as claimed in claim 4 or 5, 
characterised in that said internal surface of said 
housing part is a shim or plate (122; &22a; 222b) 
which Is formed to carry the said intermediate 
member or members each on a respective de- 
flectable finger permitting radial movement 
thereof towards the said first member. . 

7. A seat belt retractor as claimed in clai m 2 or claim 
6, characterised in that said housing has respec- 
tive axiaily spaced internal surfaces located 
therein formed by a shim or plate (222a, 222b) 
one each side of said second member (21 8) each 
said shim or plate being formed to provide sup- 
port of said intermediate member or members 
from each end thereof. 

8. A seat belt retractor as claimed in claim 7, char- 
acterised in that said second member (21 8) is cir- 
cular and has a peripheral generally cylindrical 
surface to receive a pulley cable connected to the 
pretensioning actuator (221) said shims or plates 
being circular and at least one of them having a 
peripheral flange (225a, 225b) which forms an 
enclosure for said second member said inter- 
mediate member or members and the part of the 
cable which is wound on said cylindrical surface. . 

9. A seat belt retractor as claimed in claim 6, 7 or 8, 
each said shim or plate being formed with de- 
flectable fingers (123; 223) which carry near 
their ends respective frangible supporting pins 
(114; 214) for an intermediate member each said , 
finger end having a frangible supporting web 
(223a) connecting it to the main body of the shim 
or plate. 
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4. A seat belt retractor as claimed in claim 3 char- 
acterised in that said intermediate m mbers are 
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